PERMANENT displacements of the mediastinum to the right or to the left as a consequence of various morbid conditions of the respiratory organs have been described even by the older clinicians and pathologists; the mechanism of such displacements and their diagnostic significance are well known, and insisted upon in all our text-books. But not until fluoroscopic examination of the chest became a clinical method did we suspect that there is such a thing as rhythmical excursion of the mediastinal organs, synchronous with the respiratory movements. The first and rather casual mention of the phenomenon occurs in a paper published by F. 0. Jacobson in 1899. It was described independently with great accuracy the same year by Holzknecht of Vienna, and in 1900 by B6cl1re of Paris. Holzknecht, like Jacobson, considered that respiratory excursion of the mediastinum was conditioned only by stenosis of one of the main bronchi. B6cl6re showed that it occurred even more frequently in unilateral fibrosis of the lung. Holzknecht finally agreed with Bcl6re's opinion, and subsequently published several cases of respiratory excursion of the mediastinum in the absence of bronchial stenosis. Later on, B&ck6re also showed that the phenomenon could be observed in pneumothorax. Bronchostenosis, unilateral pulmonary fibrosis and pneumothorax are the three conditions in which respiratory displacement of the mediastinum can be observed. I know of no other.
Let us first briefly describe the sign. If we study on the fluoroscope the respiratory movements of a normal individual, we no,tice that the situation of -the Jheart in relation to the median line remains unchanged during inspiration as well as during expiration. But in certain morbid conditions we see the shadow of the heart displaced in toto towards one side during inspiration and returned to its original position during expiration. A close observation shows that not the heart only, but the whole mediastinum, takes part in the displacement. But points nearer to the diaphragm have the larger excursion. The shadow of the mediastinum moves like a pendulum hanging down from the upper part of the chest. It is a very conspicuous movement. The displacements of the edges of the heart-shadow can often be measured by more than an inch.
One can easily understand how the phenomenon can be produced by a stenosis of one of the main bronchi: the inspiratory expaDnsion of the chest determined by muscular action is equally powerful on both sides; the6 fall in intrapulmonary pressure is-rapidly compensated on the sound side, where' the calibre of the main bronchus is normal, and much more slowly on the side of the stenosis. The intra- pulmonary pressure is therefore lower on the diseased than on the sound side, and consequently the mediastinal partition is pushed from the side of the higher to the side of the lower pressure. During expiration the conditions are reversed; the higher pressure is on the side of the stenosis; the mediastinum is displaced towards the sound lung. The amplitude of the excursion in each individual case is, of course, inflifenced by several factors, among which are the mobility of the mediastinum, the narrowness of the bronchial stenosis and the depth of inspiration.
If we ask a patient affected with unilateral bronchostenosis (be it due to an internal cause, like syphilis, bronchial cancer or foreign body, or to an external cause, like aneurysm or mediastinal tumour) to take first a deep breath and then to remain in apncea, it is quite evident that after a short time the intrapulmonary pressure on the diseased and on the sound side will be equalized, because they will both be equal to the atmospheric. As a consequence, the mediastinum, which has moved towards the diseased lung, will, as soon as inspiration has come to an end, tend to resume its normal position and move back slowly towards the middle line. This is quite apparent on fluoroscopic examination. B&ckMre, who first made this little experiment, remarks that it may be used clinically in discriminating cases of respiratory displacements of the mediastinum produced by bronchial stenosis from cases in which the phenomenon is due to another cause. As a matter of fact, bronchostenosis is a rather uncommon occurrence, whereas respiratory displacement of the mediastinum is by no means exceptional.
But it is more ordinarily caused by one of the two other circumstances already mentioned. Let us first consider the case of unilateral fibrosis of the lung. It may be due to tuberculosis or to some other disease; those fibrotic conditions of one lung which may follow lobar pneumonia in the adult or bronchopneumonia in the child, and are so often complicated with bronchiectasis, are among the more frequent. causes of the sign. It may be observed, also, after gunshot wounds and in many other circumstances, which are all characterized by the fact that the lung is shrunken, and that, though still elastic, it is much less easily distended than a normal lung; it has become rigid to a certain extent. In a normal chest, the action of the inspiratory muscles is trarsmitted to the mediastinum through the lungs. A certain amount of the energy thus transmitted is spent in distending the elastic lung, the traction on both sides of the mediastinum is the same, and the mediastinum remains therefore motionless in the median line. If one lung is fibrotic and therefore not distensible, it will transmit the muscular traction to the mediastinum almost integrally, whilst the sound lung absorbs part of the energy for elastic distension. Consequently the traction on the fibrous side will be stronger than on the sound side, and the mediastinum will be moved towards the side of the stronger traction, i.e., towards the diseased side.
It is by far the most constant and the most reliable sign of unilateral pulmonary fibrosis I know. It is often coincident with a permanent displacement of the mediastinum. The respiratory excursion is proportioned to the density of the diseased lung and to the amount of its shrinkage. It is quite independent of pleural adhesions; there are, of course, many cases in which fibrosis of the lung is associated with an adhesive pleurisy. But it is by no means the rule. The practice of artificial pneumothorax has shown that a lung may be very much shrunken and the mediastinum permanently displaced and subject to inspiratory excursion, whilst the pleural space remains perfectly free.
In spontaneous pneumothorax respiratory excursions of the mediastinum are often observed. In artificial pneumothorax they are almost constant. We must remember that artificial pneumothorax is a closed pneumothorax. During inspiration, the pressure on the sound side of the mediastinum is. equal to the atmospheric pressure minus the elasticity of the lung. It is approximately constant, the lung at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from cavity comimunicating with the outer ajtmosphere through the bronchi and the trachea. On the pneumothorax side we have a gas-containing pleural cavity which is absolutely closed. The inspiratory expansion of the chest tends to lower the pressure in the pneumothorax cavity. The mediastinum is pushed from the side where pressure is constant towards the side where pressure is gradually diminishing. The phenomenon occurs whatever may have been the initial position of the mediastinum and whatever may be the average pressure in the pneumothorax cavity.
The physicians who treat pulmonary tuberculosis by artificial pneumothorax and who are accustomed to control the treatment by frequent fluoroscopic examinations have great opportunities for studying the respiratory excursions of the mediastinum. A careful observation will show them many other curious and interesting phenomena which are more or less intimately connected with it. The best known among them was described for the first time in 1898 by Kienbock (of Vienna) under the title of " paradoxical movement of the diaphragm." It has been the subject of many a discussion and has received widely divergent interpretations. Let us consider it for a moment.
What Kienbock originally described were cases of spontaneous pneumothorax complicated with a liquid effusion, or hydropneumothorax. The fluoroscopic aspect of such cases is very striking. The effusion gives a dark shadow the upper limit of which is strictly horizontal and exactly represents the level of the liquid. It remains horizontal, whatever position may be given to the chest. During inspiration the horizontal level is lifted upwards; during expiration it is moved downwards. The excursions of the level are therefore exactly opposite to the excursion of the diaphragm on the sound side.
Curiously enough Kienbock himself, and all the observers who after him studied this so-called paradox, implicitly admitted that it was due to a disturbance in the motion of the diaphragm on the diseased side; this preconceived idea that the primary trouble was an altered motion of the diaphragm has led to several explanations of the mechanism of the phenomenon, which, in my opinion, are erroneous.
Kienbock, for instance, supposed that under the weight of the fluid the diaphragm turned its convexity downwards into the abdomen, instead of maintaining it upwards into the chest. The inspiratory contraction of the inversely curved muscle would of course lift up the fluid. One could perhaps imagine the left half of the diaphragm being made convex downwards. But the right half of the muscle has to model its shape on the upper surface of the liver, which is convex, and no amount of fluid in the pleural cavity would be able to carve a hollow in the liver. Now the upward inspiratory motion of the fluid is a regularly observed phenomenon in hydropneumothorax, whatever side be affected. Furthermore, fluoroscopic examination ought to show us the strange deformity of the diaphragm presupposed by Kienbock's theory. On the right side the shadow of the effusion is not distinguishable from the shadow of the liver. But on the left side, whatever may be the quantity of fluid in the pleural cavity, the sharp dark line of the diaphragm is almost always visible, because of its contrasting with the transparent air-chamber of the stomach. I have never seen any alteration in the shape of the left diaphragm in left-sided pneumothorax, and I do not know of any published case in which such an alteration has been described.
Another explanation takes it for granted that the presence of fluid on the upper side of the diaphragm must determine a paralysis of the affected half of the muscle.
Being in consequence unable to contract during inspiration, it is pushed up passively by the increased abdominal pressure caused by the energetic downward inspiratory excursion of the sound half-diaphragm. But such a paralysis seems very unlikely and has never been proved. It is very easy to prove on the contrary that the at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from normal movements of the diaphragm are preserved in hvdropneumothorax. Let us consider the case of left-sided hydropneumothorax and examine it fluoroscopically. If there is a well formed gastric air-chamber, we shall see the diaphragm moving downwards during inspiration, whilst the level of the fluid in the pleural cavity is lifted upwards. There are also many cases of artificial pneumothorax in which the lower part of the lung is strongly adherent to the diaphragm and is therefore not collapsed. The pneumothorax is incomplete and does not reach the diaphragm. In such an incomplete pneumothorax a fluid effusion may collect. Its horizontal level very distinctly shows the upward inspiratory movement described by Kienbock, and yet the fluoroscope shows a perfectly normal downward inspiratory excursion of the diaphragm.
We may therefore confidently assume that the movement of the fluid level has no relation whatever with the diaphragm, and is absolutely independent of the diaphragmatic excursion. The "paradoxical movement of the diaphragm" is a misnomer.
The phenomenon described by Kienbock is due to another mechanism. If in a closed cavity we have a fluid mass surmounted by gas, the level of the fluid can be heightened only if we shorten one or several dimensions of the cavity. Shortening of the vertical dimension is out of the question as we have just seen. But shortening of the transverse dimension occurs regularly and necessarily, as we have seen before, in pneumothorax. It is caused by the inspiratory lateral excursion of the mediastinum, and it is no paradox. I think this explanation, which is founded on facts only and does not require any auxiliary hypothesis, is quite satisfactory, but I dare not hope that it will put an end to the exttaordinary theoretical discussions which have been aroused through the phenomenon described by Kienbock. Now let us observe on the fluoroscope the movements of the collapsed lung. If the pneumothorax is a recent one, if there has been no fluid effusion and therefore no thickening of the visceral pleura, we shall often have the opportunity of seeing some very curious movements.' Of course the lung participates in the pendulumlike respiratory excursion of the roediastinum; it is moved sideways to and fro towards the pneumothorax during inspiration, towards the sound side during expiration; but it also has movements of its own. We may observe, for instance, the inspiratory distension of the lung as distinctly as in Funke's classical experiment. When the inspiratory expansion of the chest lowers the pressure in the pleural cavity the elastic lung expands. Very often the tuberculous lesions which have led to the induction of artificial pneumothorax are localized in one lobe only-say the upper lobe. It is interesting to see that thQ diseased upper lobe which has-lost its elastic distensibility does not seem affected by inspiration and rema.ins entirely collapsed, whereas the lower lobe, which is sound, shows an evident inspiratory expansion. Of course the production of the phenomenon is more or less conditioned by the degree of the intrapleural pressure. In. cases in which a pressure well above the atmospheric is maintained, one can see no inspiratory expansion.
There is also a systolic distension of the collapsed lung which is sometimes very conspicuous. It is only seen in incomplete cdllapse, and strikingly illustrates the influence of the systolic blood-wave on the lung volume.
And, lastly, one may sometimes observe a regular vibratory movement of the lung, the rhythm of which is about two or three times as fast as the heart rhythm. The semi-collapsed lung is an elastic body suspended freely in the gas-containing chest cavity. It is rhythmicslly, struck by the heart-beats and responds by a rhythmical vibratory movement of its own.
All these different inovepnents may be 0bserved separately or conjointly; when two or three of thema hppen to be produced simultaneously the result is very complex and -somewhat confusirpg; b t one soon gets accustomed to interpret them. They well deserve atteption, and thpir demonstration to a class of junior students. would, I think, be valuable in physiological as well as in clinical teaching. Now let us examine how the movements of the heart are affected by pneumothorax. Spontaneous pneumothorax is generally complicated by an effusion of fluid, the dark shadow of which obscures the edge of the heart-shadow and makes observation of its sbape and motion very difficult or even impossible. But in the majority of cases of artificial pneumothorax there is no such effusion; the edges of the heart-shadow are very distinctly seen on the fluoroscope and are easily observed.
We notice at first view the pendulum-like excursion of the heart in toto which we have already mentioned. On closer examination we are struck by another phenomenon, which I described for the first time in 1913, and which, in my opinion, curiously illustrates the influence of the elasticity of the lung on the mobility of the heart-muscle. It can be briefly described in the following way:
Suppose the patient behind the fluoroscope has an artificial left-sided pneumothorax. The right edge of the heart-shadow will be seen beating normally, but on the left edge the systolic contraction and the diastolic expansion of the heart are characterized by an extraordinarily increased amplitude, such as we never observe in a normal chest. The contrast between the action of the heart on the normal side and its enormously exaggerated action on the pneumothorax side is so conspicuous that it is hardly conceivable that it should have escaped notice so long. The phenomenon is reversed, but equally striking when the pneumothorax is on the right side. It is not affected by the amount of gas contained in the pleural cavity or by its pressure. One misses it only when the gas is prevented from penetrating between the heart and the lung because of adhesions of the mediastinal pleural space. As soon as the heart is separated from the lung by gas, the heart-beats become considerably amplified. This exaggerated amplitude of; the heart-beats on the affected side is the best and most constant sign of a mediastinal pneumothorax. In the physiological experiment, when we observe the heart of a dog whose chest has been opened and whose lungs are alternately inflated and deflated by means of an artificial respiration apparatus, the heart-beats have the same exaggerated amplitude-an amplitude which greatly exceeds ths normal amplitude which we can observe fluoroscopically in the normal dog. We must conclude, therefore, that the normal contact of the lungs with the heart acts, so to speak, as a brake on the systolic contraction. This is further supported by some other observations.
Let us return to the study of our left-sided pneumothorax patient whom we left behind the fluoroscope. At the beginning of inspiration his heart is approximately on the median line; between its left edge and the partly collapsed lung there is an abnormally transparent space showing that the gas has penetrated into the mediastinal pleura. The heart-beats on the left edge are violently exaggerated. While inspiration goes on, the excursion of the whole heart towards the left becomes conspicuous; it is more pronounced than the similar excursion of the collapsed lung. Therefore, before the end of inspiration the heart again comes into contact with the lung. As soon as this happens we notice that the heart-beats are much reduced in amplitude; they are normal again. Then expiration begins. The collapsed lung is slower than the heart in returning towards the median line; it again separates from the heart, and immediately we see the heart-beats becoming widely exaggerated. On the right edge, on the contrary, the heart-beats remain normal all the time. The brake-like influence exerted by the contact of the lung on the coutraction ofthe heart is very strikingly demonstrated by this little fluoroscopic experiment. Now suppose we suppress the contact with the lung not on one side only, as in artificial pneumothorax, but on both sides. I do not think anyone would like to perform a bilateral artificial pneumothorax in order to see what would happen. But there is a rare condition of which we may profitably take advantage for observation, and this is pneumopericardium. I think it was Professor Petr6n (of Lund) who for the first time noticed, when examining with the fluoroscope a case of spontaneous pneumopericardium, that the heart-beats had on both sides of the heart-shadow an extraordinarily exaggerated amplitude. But he did not attempt any explanation of the phenomenon. He did not know of its one-sided production in the case of pneumothorax. I have twice had an opportunity of tapping a serous effusion in the pericardium and refilling the pericardial cavity with nitrogen. On fluoroscopic examination I saw a marked exaggeration of the heart-beats on both edges of the heart-shadow. After some days, the gas had been absorbed and the amplitude of the heart-beats was restored to normal.
How is this to be explained? Let it be understood first, that there is not the slightest functional disturbance of the hearts' action coincident with this strange phenomenon. I have studied a great number of such cases without being able to make out any change in the rhythm or in the mode of the heart's contraction. IThe electrocardiogram is constantly normal. There is no disturbance in the normal respiratory variation of the blood-pressure. Clinical experience proves that patients can be treated for years with artificial pneumothorax without ever showing any sign or symptom of altered function of the heart. But we know that the elasticity of the lung is a permanent force responsible for the negative intrathoracic pressure. We know that the elastic traction of the lungs exerts itself on the chest-wall and also on the mediastinum, on the heart and on the large intrathoracic vessels. The part played by the increased elastic traction of the lungs during inspiration in facilitating the return of the venous blood to the heart is a classical example of the physiological correlation between circulation and respiration. Marey, and later on, Tigerstedt, have insisted upon the idea that the inspiratory distension of the lung must to a certain extent counteract the systolic contraction of the heart. In the fluoroscopic experiment which I have just described this brake-like action of the elastic lung is made clearly visible. As soon as the lung is separated from the heart by the interposition of a layer of gas, the brake is suppressed, and the heart begins to beat, as if it were isolated, with its proper amplitude.
Before concluding, I should like again briefly to discuss the case of respiratory excursion of the heart -caused not by pneumothorax, but by fibrotic degeneration of one lung. You will remember that the fibrotic lung, being more rigid and less distensible, attracts the whole mediastinum during inspiration. What would happen if both lungs were fibrotic ? It is a condition not frequently met with in clinical experience, but we all know of its existence. In some circumstances tuberculosis of the cirrhotic type is the cause of a generalized fibrotic degeneration of both lungs. Prolonged exposure to mineral dusts also produces a similar degeneration, and we know that it usually ends fatally for the heart. The common, explanation given in order to account for the heart-failure in such cases is that the blockage of the lung-capillaries is an obstacle to a normal pulmonary circulation, and that it increases the work of the heart-muscle, which finally becomes unequal to its task. This theory has always appeared to me very unsatisfactory. I admit that fibrosis may obliterate quite a number of lung-capillaries but there are always compensatory dilatations of other capillaries. Moreover, it seems very likely that in artificial pneumothorax the lung-circulation is almost entirely blocked in the collapsed lung, i.e., in one-half of the respiratory apparatus, and yet it never brings about dilatation and failure of the heart, even when the collapse is maintained for many years. One would also expect that an increase in the work of the heartmuscle due to circulatory blockage would first result in a compensatory hypertrophy of the right heart. But we know that it is not so. There must be some other circumstance to account for the heart-failure which, in the long run, so invariably follows generalized fibrosis of the lungs.
Let us examine such a case by means of the fluoroscope. The increased inspiratory traction is now exerted by both lungs on both sides of the heart. It does not result in a lateral excursion of the heart as in one-sided fibrosis. The heart remains unmoved in the middle line. But, when the chest-wall expands, something at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from Section of Electro-lTherapeutics inside the chest has to give way. It cannot be the lungs: they are cirrhotic and much more resistant to distension than in a normal person. It is the heart wvhich gives way. And therefore we may observe on the fluoroscope the phenomenon of the inspiratory distension of the heart. I have had several opportunities of seeing, and even of measuring, the inspiratory increase of the area of the heart-shadow in cases of generalized fibrosis of the lungs. It is clearly seen in the frontal view; but if one examines the patient obliquely or laterally, it is also quite noticeable. We may assume, therefore, that the distension is produced along all the diameters of the heart.
Probably it may be regarded as the exaggeration of a normal phenomenon. Tigerstedt considered that there is always a certain amount of inspiratory distension of the heart, as a result of the normally increased inspiratory elastic traction of the lung. But, on fluoroscopic examination of normal persons, the lateral distension of the heart is more than compensated by the vertical elongation of the heart due to the downward movement of the diaphragm. In the case of generalized fibrosis of both lungs on the contrary the phenomenon appears very distinctly. The increase thus produced in the brake-action of the lungs results in an ever-recurring increase in the muscular work of the heart, and one can easily understand that it finally imposes upon the heart an effort which it is unable to sustain. I venture to suggest that this explanation of heart-failure in chronic generalized fibrosis is more satisfactory to the questioning mind than the generally adopted traditional theory.
I should be gratified if I have succeeded in showing that fluoroscopic examination of the chest is a useful auxiliary in diagnosis. Its uses indeed are still wider than that. It opens up new ways for clinical and also for physiological and pathological investigation. It raises new problems and helps us to solve them. The clinician and the radiologist are, too often, still accustomed to work apart, and to correspond only by written reports. Medicine would greatly profit, I am sure, if they met personally, and, I venture to add, there should be no harm in their meeting in one and the same person.
